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Abstract 
The objective of the present work is to determine the effect of exposure time on functionalization through characterization of 
activated carbon. Pristine activated carbon has been functionalized with mixture of acids (sulphuric acid, nitric acid, acetic acid) 
in 3:2:1 ratio at different exposure time. FTIR and SEM analysis have also revealed that longer exposure time did not help in 
introduction of oxygen containing functional groups onto the surface of adsorbent rather cut the functionalization due to water 
cluster formation effect. These acidic groups block the reactive adsorption sites and ultimately reduce the adsorption capaci ty. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
With the advent of technology, research has been focused more on economically viable adsorbents for the 
removal of aromatic hydrocarbons. These adsorbents include carbonaceous adsorbent, lignin based adsorbent, rice 
husk, activated silica, clay, saw dust etc. (1). Among these adsorbents carbonaceous adsorbents are considered to be 
the most efficient because of porous structure and large surface area. Activated carbon is considered to be among the 
pioneers of first generation of carbonaceous adsorbents (2). 
It can be derived from various sources like wood, coal and peat (3). However, it can be produced through two 
step procedure as carbonization and activation (4). These steps generate porous structure creating internal surface 
area and edge sites. These edge sites are basically involve in formation of surface functional groups especially 
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oxygen containing functional groups. This activation is further divided into physical and chemical activation. 
Physical activation may be done through oxygen, steam and carbon dioxide while chemical activation includes 
H2SO4, H3PO4, ZnCl2, KOH, and FeCl2 as common activating agent (5-7). 
 
This activation alone is not enough for adsorption application. Therefore, different functionalization techniques 
like thermal treatment, acid treatment, sonication etc. Nevertheless, acid treatment is the one that is most commonly 
employed for purification. There are several governing like exposure time and operating conditions affect the 
functionalization and adsorption efficiency afterwards (8-11). 
In this paper, we characterized functionalized activated carbon for different exposure time. 
2. Materials and methods 
2.1 Materials 
 Activated carbon (MW 12.01 g/mol, -100mesh particle size, Sigma Aldrich), sulfuric acid (98%, vapour 
pressure 1 mmHg, Sigma Aldrich), nitric acid (69%, vapour pressure 8mmHg, Sigma Aldrich), acetic acid (≥99%, 
vapour density, Sigma Aldrich). 
 2.2 Functionalization of adsorbent 
           Activated carbon was chemically modified with combination of three acids.  As 5g of activated carbon was 
treated with 50ml of acids (sulphuric acid, nitric acid, acetic acid) in 3:2:1 respectively in 100ml reflux condenser. 
Then mixture was continuously stirred at 400rpm and 45oC for 48hours for first procedure. After that it was diluted 
with water and then pH of solution was neutralized. Thus, the functionalized activated carbon was vacuum dried at 
40oC. The same methodology was adopted for second procedure for the duration of 24 hours.   
3. Results and discussion 
3.1 Infrared analysis 
       Fourier transform infrared spectra of carbonaceous adsorbent were obtained to analyze surface functional 
groups of pristine and functionalized carbon. Figure 2 manifests the difference in functional groups before and after 
functionalization of activated carbon. Pristine activated carbon exhibits hydroxyl functional group included –OH 
stretching at 3395.60cm-1 that is less prevalent in both functionalized activated carbons. This reduction in intensity 
signifies the role of suphuric acid as dehydrating agent that reduces the intermolecular hydrogen bonding (12). 
 
 
 
 
 
 
 
 
 
Fig.1. FTIR 
spectra for a) 
pristine activated 
carbon b) 
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functionalized activated carbon for 48hours  
c) Functionalized activated carbon for 24hours 
 
Small round peaks at 2604.39cm-1 and 2483.51cm-1 evince the presence of small amount of            –COOH 
groups in pure and functionalized activated carbon for 24 hours. But functionalized activated carbon for 48 hours 
did not show any significant peak till 1500cm-1. Because, whenever carbonaceous adsorbents are exposed to acid 
treatment for longer period of time, functionalization is chemically cut and no oxygen containing functional group 
tend to attach (13). This is probably because of presence of acidic groups. Whenever oxygen containing functional 
groups are present in bulk amount, they impair the adsorption due to water cluster formation. Although these acidic 
groups are necessary for the removal of aromatic compounds but longer time exposure blocks the access to 
micropores. 
The stretching absorption at 1714.69cm-1 observed in functionalized activated carbon for 24 hours while this 
band is absent in rest of spectra. This clearly stipulates that longer exposure time resulted in breakage of many 
aliphatic and aromatic functional groups (14). The peaks 1626.90cm-1 and 1283.98cm-1 show C-C and C-O stretch. 
For first functionalization weak bands were observed from 1100 cm-1 to 700 cm-1. On the other hand, clear peaks 
have been observed from 1584.07 cm-1 to 400cm-1 which shows introduction of new functional groups for 2nd 
functionalization procedure as compared to the first one. However,  the intensity of these particular peaks increases 
by decreasing the exposure time of oxidation. 
Overall, the modified adsorbent must have detrimental hydrophobic surfaces to effectively remove the desired 
pollutant. Moreover, they must be sufficiently hydrophilic in nature to be utilized for water treatment.  
  3.2 Scanning electron microscope analysis 
 Scanning electron microscope describes the physical morphological structure of pristine and functionalized 
activated carbon. Figure 2a demonstrate the extent inhomogeneity on the surface of pristine activated carbon. 
Moreover, there are several causes of pore structure development, thermal stress is one of them. Therefore, 
structural cracks are clearly visible that are the result of thermal activation. 
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Fig.2. SEM micrographs of a) pristine activated carbon b) functionalized activated carbon for 48hours  
c) Functionalized activated carbon for 24 hours 
    Figure 2(b) signifies the effect of acid treatment on the surface of activated carbon. It is explicit that chemical 
functionalization has a significant impact on the surface arrangement but still the scattered structure reveals that the 
functionalization has been cut and no new functional group has attached to the surface. Figure 2(c) specifies the 
fairly smooth surface with formation of agglomerates that are probably the result of thermal effect along with acid 
treatment due to shorter exposure time. 
4. Conclusion 
In the present study, mixture of sulphuric acid, nitric acid and glacial acetic acid was used to functionalize 
activated carbon at two different durations. It revealed that longer exposure time tend to cut the functionalization 
that is apparent from FTIR analysis and did not appreciably effect the surface modification. This may happen due to 
water cluster formation effect. While, on the other hand, moderate exposure time encouraged the oxygen containing 
functional groups to attach on the surface of activated carbon and improved the surface chemistry of modified 
activated carbon. This modified activated carbon may help in improvement of adsorption capacity of activated 
carbon in future studies. 
 
Acknowledgements 
The authors would like to thank and gratefully acknowledge the financial support by the FRGS — Fundamental 
Research Grant Scheme. 
 
References 
 
[1] Saman N, Abdul Aziz A, Johari K, Song S, Mat H. Adsorptive efficacy analysis of lignocellulosic waste carbonaceous adsorbents toward 
different mercury species. Process Safety and Environmental Protection. 2015;96:33-42.  
[2] Habila M, ALOthman Z, Al-Tamrah S, Ghafar A, Soylak M. Activated carbon from waste as an efficient adsorbent for malathion for 
detection and removal purposes. Journal of Industrial and Engineering Chemistry. 2015;32:336-344.  
[3] Sato S, Yoshihara K, Moriyama K, Machida M, Tatsumoto H. Influence of activated carbon surface acidity on adsorption of heavy metal ions 
and aromatics from aqueous solution. Applied Surface Science. 2007;253:8554-8559.  
[4] Jia Q, Lua A. Effects of pyrolysis conditions on the physical characteristics of oil-palm-shell activated carbons used in aqueous phase phenol 
adsorption. Journal of Analytical and Applied Pyrolysis. 2008;83:175-179.  
[5] Daud W, Ahmad M, Aroua M. Carbon molecular sieves from palm shell: Effect of the benzene deposition times on gas separation properties. 
Separation and Purification Technology. 2007;57:289-293.  
[6] Ahmad A, Hameed B. Effect of preparation conditions of activated carbon from bamboo waste for real textile wastewater. Journal of 
Hazardous Materials. 2010;173:487-493.  
[7] Ahmad M, Alrozi R. Optimization of preparation conditions for mangosteen peel-based activated carbons for the removal of Remazol 
Brilliant Blue R using response surface methodology. Chemical Engineering Journal. 2010;165:883-890.  
[8] Gercel O , Gercel H, Koparal A. Removal of disperse dye from aqueous solution by novel adsorbent prepared from biomass plant material. 
Journal of Hazardous Materials. 2008;160:668-674.  
[9] Savova D, Apak E, Ekinci E, Yardim F, Petrov N, Budinova T et al. Biomass conversion to carbon adsorbents and gas. Biomass and 
Bioenergy. 2001;21:133-142.  
[10] Wang Y, Liu B, Zheng C. Preparation and Adsorption Properties of Corncob-Derived Activated Carbon with High Surface Area. Journal of 
Chemical & Engineering Data. 2010;55:4669-4676.  
[11] Newcombe G, Hayes R, Drikas M. Granular activated carbon: Importance of surface properties in the adsorption of naturally occurring 
organics. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 1993;78:65-71.  
[12] Suarez-Garcia F, Martinez-Alonso A, Tascon J. A comparative study of the thermal decomposition of apple pulp in the absence and 
presence of phosphoric acid. Polymer Degradation and Stability. 2002;75:375-383.  
[13] Gupta V, Kumar R, Nayak A, Saleh T, Barakat M. Adsorptive removal of dyes from aqueous solution onto carbon nanotubes: A review. 
Advances in Colloid and Interface Science. 2013;193-194:24-34.  
1350   Hirra Anjum and Thanabalan Murugesan /  Procedia Engineering  148 ( 2016 )  1346 – 1350 
[14] Strong K, Anderson D, Lafdi K, Kuhn J. Purification process for single-wall carbon nanotubes. Carbon. 2003;41:1477-1488.  
 
